Introduction
============

In locally advanced rectal cancer (LARC), fluorouracil based preoperative concurrent chemoradiation (CRT) followed by total mesorectal excision (TME) and adjuvant chemotherapy is the standard therapy modality[@B1], [@B2]. With this triple treatment modality, patients had a good local and regional control rate around 95%[@B1]-[@B4], however, the distant metastasis risk still high to 30%[@B2]-[@B4]. In theory, intensified chemotherapy before or after TME can reduce the risk of distant metastasis.

However, the standard preoperative treatment contains single chemotherapy drug, either fluorouracil or capecitabine, aiming to sensitize radiotherapy effect, and consequently, lower the radiation therapy dose to 45Gy of pelvis and 50.4Gy of the primary site. Theoretically, insufficient preoperative chemotherapy and locally pelvis radiotherapy may control the primary tumor and pelvic disease well, but is not enough to eliminate the potential distant metastasis disease. So, change the radiosensitizition concurrent chemotherapy regimen to a full dose curative regimen may reduce the high distant metastasis risk.

There is no anti-tumor treatment during the 6 to 8 weeks\' interval time for waiting surgery, which may cause many questions. An in-vitro study showed that in the later period of radiotherapy, the Tpot of tumor will be returned to the pretreatment levels[@B5] . And Jeong *et* al[@B6] found that if the interval time prolonged more than 8 weeks, the distant metastasis risk will increase to 24%. So, adding some intensified full-dose chemotherapy during this resting period may be useful.

Oxaliplatin is an effective drug, which can be combined with fluorouracil to improve the survival of colon cancer patients[@B7]-[@B9]. However, several prospective trials[@B10]-[@B12] failed to verify the benefit of adding oxaliplatin to 5-Fu as preoperative CCRT in stage II/III rectal cancer. The potential reason may be partly explained by the weekly low dose administered of oxaliplatin, which mainly aims to increase radiosensitivity.

Therefore, we design this study which contains 2 cycles of full dose XELOX concurrent with radiotherapy and 1 cycle of consolidation chemotherapy with XELOX/FLOFOX during the interval time trying to improve the distant metastasis free survival (DMFS) and overall survival (OS).

Material and methods
====================

Eligibility criteria
--------------------

From January 2011 to December 2013, a total of 96 patients with histologically confirmed, newly diagnosed LARC (cT3-T4 and/or N+ nonmetastatic rectal adenocarcinoma) located within 12 cm of the anal verge were enrolled. All patients met the following criteria: Karnofsky Performance Status (KPS) ≥ 70≥70, potentially resectable diseases, adequate hematologic function (leukocyte count \>4×10^9^/L and platelet count \>100×10^9^/L), adequate renal and hepatic function (creatinine clearance \>60mL/min and AST≤100 U/L). Patients suffering from the following conditions will be excluded: with heart, liver or renal dysfunction, a history of previous malignancy, previous treatment with chemotherapy or radiotherapy, pregnancy or breast-feeding, or presence of a psychiatric disorder. The study protocol was approved by Institutional Review Board of The Affiliated Union Hospital of Fujian Medical University (Fuzhou, China) and all patients provided written informed consent.

Within two weeks before initiation of chemoradiation, all patients were evaluated with a complete history and physical examination, including digital rectal examination, complete blood count, hepatic and renal function tests, colonoscopy and biopsy, computed tomography (CT) of the thorax, magnetic resonance imaging (MRI) of the abdominal-pelvic and endorectal ultrasound. Clinical stage was assessed according to the 7^th^ edition of the *AJCC Cancer Staging Manual*[@B13] based on the radiographic evidence mentioned above.

Treatment protocol
------------------

### Radiotherapy

Radiotherapy was delivered according to the previously reports[@B14], [@B15], either 3-dimensional conformal radiotherapy (3D-CRT) or intensity modulated radiotherapy (IMRT) was used according to the patient\'s medical insurance. Planning target volume (PTV) was defined as an additional 1.0cm beyond the scope of the clinical target volume (CTV) and the gross tumor volume (GTV). Briefly, the 3D-CRT was delivered by two lateral fields with 15MV and one posterior field with 6MV and a dose of 45Gy in 25 fractions to CTV with 5.4 Gy in 3 fractions boosted to GTV. As for IMRT, GTV was determined from digital rectal examination, endoscopy ultrasound, CT and MRI. And CTV was including the entire mesorectum, presacral, and internal iliac lymph node drainage regions with at least a 3 cm craniocaudal margin to the GTV. Patients with IMRT were delivered through five fields (6MV) with a dose of 45 Gy to the CTV and 50.4 Gy to the GTV in 25 fractions.

### Chemotherapy

During the course of radiation therapy, all patients were conducted with 2 cycles of XELOX (oxaliplatin 130 mg/m2 on day 1 plus capecitabine 825 mg/m2 twice daily from day 1-14 for every 21 days). Patients received another cycle of consolidation chemotherapy with XELOX/FLOFOX one week after CRT. The consolidation XELOX consisted of oxaliplatin (130 mg/m^2^ on day 1) and capecitabine (1000 mg/m^2^, twice per day from day 1 to day 14) for every 21 days. And the FOLFOX consisted of folinic acid (400 mg/m^2^), oxaliplatin (85 mg/m^2^) on day 1, bolus fluorouracil 400 mg/m2 on day 1-2, and a 46-h infusion of fluorouracil 1200 mg/ m^2^ repeated every 3 weeks.

### Surgery and histopathology

Total mesorectal excision was scheduled 6-8 weeks after the completion of chemoradiation (3-5 weeks after the final cycle). Pathological stage was determined on the post-CRT surgical specimen, and histological regression grade was performed according to the Wheelers\' classification[@B16]. A pCR (ypT0N0) was defined as the complete absence of tumor cells at the primary site and without lymph node involved. Postoperative adjuvant chemotherapy was administered at the surgeon\'s discretion.

Statistical analysis
--------------------

The primary endpoint was pCR rate. The other protocol-defined efficacy endpoints included local recurrence-free survival (LFS), metastasis-free survival (MFS), disease-free survival (DFS) and overall survival rates(OS). Continuous variable was presented as medians and ranges and categorical data was presented as numbers and percentages. Survival time was between the beginning of CRT to the date of event or the last follow-up, and Kaplan-Meier method was used to calculate the survival curves. All statistical assessments were 2-sided and a *P* values less than 0.05 were considered significant. Statistical analyses were performed with SPSS 23.0 (SPSS Inc, Chicago, IL, USA).

Results
=======

From January 2011 to December 2013, we enrolled 96 patients with newly diagnosed T3/4 and/or N+ rectal cancer. The number of patients in clinical T stage of T2, T3 and T4 was 6 (6.3%), 37 (38.5%)and 53 (55.2%) respectively.76 patients were detected with lymph node involvement. 67 patients (69.7%) had a tumor located ≤ 5 cm from the anal verge. All the patients completed the full course of XELOX concurrent chemoradiation and the resting consolidation chemotherapy of XELOX/FOLFOX. The median interval time from the end of radiotherapy to surgery was 55 days. And the median follow-up time was 4.24 years. Table [1](#T1){ref-type="table"} summarizes the characteristics of the 96 patients who were ultimately enrolled.

Table [2](#T2){ref-type="table"} summarizes the treatment-related adverse events. During the CRT period, the most frequently occurring grade 3/4 hematological toxicity was Thrombocytopenia (4.2%), and the most common non-hematological adverse event was diarrhea (6.3%). As for the surgical resection or postoperative complication, one or more adverse events occurred in 18 (18.8%) of patients, including 2 (2.1%) anastomotic fistula, 3 (3.1%) pulmonary infection, 3 (3.1%) urinary tract infection, 11(11.5) infection of incision, and 3 (3.1%) intestinal obstruction.

Tumor downstaging occurred in 69 (71.9%) patients and lymph node down-staging in 47 (49.0%) patients. Wilcoxon\'s signed-rank test indicated a significant difference in tumor stage before treatment and after surgery (P \<0.001). Table [3](#T3){ref-type="table"} shows the tumor downstaging. According to the predefined criteria, the pCR (ypT0N0) rate was 20.8%. The rectal cancer regression grade (RCRG) stage was Grade 1 in 56 (58.3%) patients, Grade 2 in 25 (35.5%) patients, Grade 3 in 6 (5.2%) patients. Table [4](#T4){ref-type="table"} shows the pathological features.

With a median follow-up of 4.24 years (range, 0.53-6.02 years), 1 patient was diagnosed with recurrence, 15 patients were confirmed with distant metastasis (6 cases in lung, 1 case in lung and liver, 4 cases in liver, 1 case in lung brain and liver, 1 case in bone, 2 cases in brain). 15 patients died in the whole cohort. The 5-year local recurrence-free survival, metastasis-free survival, disease-free survival and overall survival rates were 98.9% (95% CI: 97.8%, 100%), 84.7% (95% CI: 80.9%, 88.5%), 83.7% (95% CI: 79.8%, 87.6%) and 82.1% (95% CI: 77.2%, 86.9%), respectively. Figure [1](#F1){ref-type="fig"} shows the 5-year LFS, MFS, DFS and OS rates of all 96 patients.

Discussion
==========

Neoadjuvant chemoradiation followed by TME surgery had been the standard care for LARC. However, most of phase III clinical trials[@B1]-[@B3], [@B17] failed to show the addition of CRT before TME surgery could improve survival, which suggests the continued impact of distant failure on a long-term outcome. The aim of our study was to investigate the feasibility of an intensified full-dose chemoradiation in LARC and the reduction of the incidence of distant metastasis rate. In our study, a modified strategy of a full-dose XELOX concomitant with radiotherapy, followed by one cycle of resting-period consolidation chemotherapy obtained an interesting result in a pCR rate of 20.8%, and 5-year LFS, MFS, DFS, OS of 98.9%, 84.7%, 83.7%, 81.1% respectively.

In the setting of neoadjuvant chemoradiation, the optimal sequencing of preoperative CRT and CT before resection of rectal cancer had been studied in trails, either the form of neoadjuvant chemotherapy (NAC) followed by CRT, or CRT followed by NAC. As for the approach of NAC followed by CRT, there were lots of studies. However, in the trail of GCR-3[@B18], it failed to show an improvement either DFS or OS at 5 years of the neoadjuvant arm. As a result, the strategy of NAC followed by CRT seems to be unsatisfactory.

Unlikely, the strategy of CRT followed by NAC is less well studied but shown with promising results. Zhu *et al.*[@B19] studied the effect of one additional cycle of capecitabine after XELOX CRT in LARC. They reported a pCR rate of 15.8%, with acceptable toxicity and tolerability. Bujko *et al.*[@B20] also reported a pCR rate of 16% in the arm of SC-RT/NAC (RT followed 3 cycles of FOLFOX4). Garcia-Aguilar *et al.* [@B21] studied the effect of 0-6 additional cycles of modified FOLFOX6 chemotherapy after CRT. They reported the pCR rates increased significantly with increasing cycles of additional FOLFOX6, with a pCR rate of 38% for patients with 6 cycles of additional FOLFOX6, compared with an 18% pCR rate for patients who did not receive. In our study, we achieved a higher pCR rate of 20.8%, which was similar to that of the previous studies. When taken the RCRG1 rate of 58.3% into consideration, the good response rate to this treatment strategy was fairly high. These results indicated that the intensified full-dose CRT followed by one cycle of resting-period consolidation chemotherapy worked for most of the patients in our cohort.

Patients with pathologic CR were shown to correlate with better local control and improved survival. However, it had never demonstrated that a pCR following neoadjuvant therapy for rectal cancer meets formal criteria as a surrogate endpoint for LC or OS[@B22], [@B23]. While, previous studies generally focused on short-term pathologic endpoints, such as pCR rates. The long-term oncological outcomes after TNT lacked of reports. In the study by Zhu *et al.*[@B19], they reported a 3-year DFS and OS rates of 57.4% and 66.0%, respectively. Bujko *et al.*[@B20] reported a 3-year DFS and OS rates of 53% and 73.0% in the arm of SC-RT/NAC. Being similarly with the results of CRT followed by NAC, the long-term outcome of 5-year DFS or OS is around with 60% and 75% in the strategy of NAC followed by CRT[@B18], [@B24], [@B25]. To current study, we achieved a 5-year DFS, OS of 84.7% and 81.1% respectively, which were superior to previous studies.

In theory, an increased dose of chemotherapy could be accompanied by increased toxicities. However, the treatment paradigm with an intensified chemotherapy in our study achieved better long-term oncological outcomes without increasing the toxicities, or surgical complications when compared to previous studies[@B1], [@B2], [@B12], [@B19], [@B26]-[@B29]. Some reasons as bellows may be partly explained for this result.

Firstly, with the XELOX regimen for concurrent chemotherapy, we administrated capecitabine from day 1 to day 14 with a high dose of oxaliplatin every 3 weeks. With this kind of CRT strategy, there was one week free out of chemotherapy. During this period, patients could recover from the side effects and increase the treatment compliance. So, most patients could receive a full dose of chemotherapy and radiation as planned without increased toxicity.

One may argue that, adding oxaliplatin concomitant to radiotherapy was not proved to improve survival. However, in most of the previous studies, the oxaliplatin was administrated in a low dose by weekly as a radiosensitizer. In our studies, oxaliplatin was administrated in a full dose by a 3-weekly way. This kind of high dose oxaliplatin in XELOX regimen was proved to be effective in both palliative and adjuvant settings. With the high dose of oxaliplatin, we could expose micrometastasis to an intensified chemotherapy and achieved a favorable long-term outcome.

Furthermore, the relatively high pCR and better survival rates could also be the results of adding an intensified consolidate chemotherapy during the resting period before surgery. Studies[@B30], [@B31] had observed that a significant proportion of patients developed recuperation of tumor metabolism during the resting period after CRT, and it may contribute to the therapy failure of distance metastasis. When adding a consolidate chemotherapy, the risk of developing tumor reputation is decreasing. In our study, we added another intensified resting-period XELOX/FOLFOX chemotherapy, which exposed the systemic micrometastasis and local irradiated tumor cells to full dose chemotherapy, may ultimately contribute to the improvement survival benefits, especially for patients with longer waiting period. The dates in our study can provide theoretical basis support for the design of randomized controlled trials in the future, and it is expected to further optimize the preoperative radiotherapy treatment plan in the interval time for waiting surgery in rectal cancer patients.

Our study is subjected to several limitations. First, this study was not a randomized controlled study. When compared our results with other similar studies should be cautious. Second, all the patients were from a single institution and the results may not be generalized to other populations, which means our data may not be insufficient to argue and to be conclusive about these results. However, the long-term survival result provided by our study is promising. And the treatment paradigm of intense full-dose XELOX concurrent chemoradiation followed by consolidation chemotherapy deserved to be further researched in a multi-center randomize trails.

Conclusion
==========

In conclusion, results from our study indicate that a full-dose of XELOX chemoradiation followed by one cycle of resting-period consolidation chemotherapy before surgery has a good treatment efficacy with tolerated toxicities. And this treatment paradigm provided a promising long-term oncologic outcome warrant further investigation in a randomize trails.
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###### 

Demographic and clinical features for all patients

  Variable                                     value
  -------------------------------------------- ---------------------
  Patients number                              96
  Age (range)                                  54.93 (29, 69)
  Gender                                       
  Male                                         66
  Female                                       30
  Distance from anal verge                     
  Low(0-5cm)                                   67
  Middle(5.1-10cm)                             28
  High(10.1-12cm)                              1
  Pretreatment CEA(range)                      16.90 (0.4, 427.8)
  Pretreatment CA19-9(range)                   42.70 (0.6, 721.20)
  cT                                           
  cT1                                          0
  cT2                                          6
  cT3                                          37
  cT4                                          53
  cN-                                          20
  cN+                                          76
  Radiation                                    
  3D-CRT                                       57
  IMRT                                         39
  Surgery                                      
  LAR                                          75
  APR                                          15
  Hartmann                                     6
  Median time between CRT and surgery(range)   55 (35,91)
  Median number of resected nodes              12 (0-34)
  Median fellow-up time(year)                  4.24 (0.53, 6.02)

###### 

Adverse Events (AEs) in rectal cancer patients treated with intensive neoadjuvant chemoradiotherapy

  AEs                             No. of patients (%)
  ------------------------------- ---------------------
  Grade 3-4 toxicity during CRT   
  Anemia                          0(0%)
  Leucopenia                      2(2.1%)
  Thrombocytopenia                4(4.2%)
  Diarrhea                        6(6.3%)
  AEs of surgery                  
  At least one adverse event      18(18.8%)
  Anastomotic fistula             2(2.1%)
  Pulmonary infection             3(3.1%)
  Urinary tract infection         3(3.1%)
  Incision infection              11(11.5%)
  Intestinal obstruction          3(3.1%)

###### 

Correlation between clinical and pathological T and N stage

        Pathological T staging       Pathological N staging                         
  ----- ------------------------ --- ------------------------ ---- --- -- ---- ---- ---
  cT2   3                        1   1                        1    0      6    0    0
  cT3   6                        2   10                       18   1      22   12   3
  cT4   12                       4   10                       21   6      34   16   3
  cN0   6                        3   3                        7    1      15   4    1
  cN+   15                       4   18                       33   6      47   24   5

###### 

Tumor response after preoperative chemoradiotherapy

  Variable                No. of patients (%)
  ----------------------- ---------------------
  Histological response   
  pCR                     20 (20.8%)
  RCRG1                   56 (58.3%)
  RCRG2                   35 (35.5%)
  RCRG3                   5 (5.2%)
  Pathological T stage    
  ypT0                    21 (21.9%)
  ypT1                    7 (7.3%)
  ypT2                    21 (21.4%)
  ypT3                    40 (417%)
  ypT4                    7 (7.3%)
  Pathological N stage    
  ypN0                    62 (64.6%)
  ypN1                    28 (29.2%)
  ypN2                    6 (6.3%)
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